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(Inter-Departmental ) 
MASSACHUSETTS INSTLTUTE OF TECHNOLOGY 


Cambridge, BASS » 


W. NM. Murray 
Room 3-257 


September 25, 1916. 


Captain W. d. Buracker, 
Reem 5-233 


Thesis Work of LCDR C.C, WRIGHT, USN —<___. 
LODR J.A, LaSPADA, USH 


Dear Captain Buracker: 


in response to your request for information 
on the thesis work carried out by Lt. Comdr, C, CG. Wright and 
Lt. Comdr. J. A. Lafpada it is a pleasure to tell you that TI have 
been very favorably impressed with the work which they have done 
and that I am hoping to find someones alse to carry on where they 
left off. 


These gentlemen selected an intereszing 
and important problem which they attached in a most thorough 
and businesslike manner, From she procedure which they adopted 
I am sure that they have gained valuable experience for then 
éslves and at tho same time I feel that they have produced 
results which will ba of considerable value to other people 
interested in stresses in beams when conditions do not con- 
form to the conditions and limitations of the beam theory’. 


iM my Opinion, the work of these tro 
officers was of top notch caliber, and, in addition, it vas 
a2 great pleasure to be associated with them in the capacity 
of thesis advisor, 


Sincerely youre, 
fe/ Wo Mo Marray 


W. Mo Murray 























* CH NOV DGRELT 


2 es i RS FO ym os 


The authors u.ish to exeress thelr appreciation ani initebteda- 
nessto tas foilowing strecna: 

fo Professor Willian 4. Murray for ois assistance and guidance 
im helping us select the approach to the probiem. 


to Me. BW. lw Weil Cop iw amptrucvion in the wee of StrAin 


gazes, andi vor the wae of nis sersonal strain gage indieator. 


re) 


To Mr. TT, A. Hewson for instmicting ub Lh the correct procaaara 


hie 
& 


for use and eopliceation of otressecoat, for sugzesting the use of 


h 
“strain rosette nomogriuch, en. for other helpful suggestions on the 


‘ = eon wee : k “a a Ke » 4 
To Mr. &E. L. Simclwir Gud Or. ds *. Lyuch of Ble, Metani aus 


aA 2 e 


. “ SP “= fe re e . Is ~ -¢ ay -* “ leis See 7;?, * ; i 
ion, Josten Maval Shivvard, for their preomapt proeureaent of “de 


c+ 


Sev 


necessary miverials. 


1i667 





11. 
iil. 
iV. 
v, 


VI. 


TALE OF 


OVE re 
Aa! Lie te eee’ 
ea Se 


List of Pigures 
Liet of Tables 
Table of Symbols 
Summery 
Introduction 
Procedure 
Results 
Discuseion of Lesults 
Conclusions anu icaomeencatious 
Appencix 
A. Details of Procedure 
B. Taples of Results 
GO. Sanple Calculation 


D. Observed Data 


15 


} aud 
AS) 


j~4 
~j 


ot. 


x 
3 


—_ 
te 
Fan 


ti) 








ieee © OP PITS 


Ts the 





Locatioas of Stasain Gares on Fottion Flencse 
Locations of Strain Rosettes on Ylonge 
Neb ani Strain Gages on Upper Prlange 
Diagrom of Locetions of Strain Gages 
Keactanmlar Strain Hosette Nomortraph 
Riehle Universal Tostins Machine with Tesm 
in Position 
Genera: View of teating Machine, Beam, and 
Strain indieiitor 
Typical Stresscoat Cracz Pattern 
Typlosl Stressesat Grack Pattern 
Strain Indicator and Connector Strips for 


Leats to Mtrein Gages 


Curves of Resulte 
Curves of Nesnlte 
Curves of Sesuits 


Curves of Results 


iv A 
eee 





rm : 


i - xvi 


AVIT-XXII 


PAL II-“ST 


go01 


ZALTIT 


PNET V-XLI 


pabtle Mumbers 


a ioe 


a7 oF 
* 


° - en : 
eee es. & BASIL 


A PPC 2 Cet Eet ste Oe eh PO ee a6 aw ae 


Calculated Ctrrir Gage Jeter 
Streagecont Oreck Anghe Data 
etressecet Lowein: Date 

¢ Wheadite Bumwwors 
Vi. Strair Gegé Nonbtr: 

Strain Gave Commtents 


Observed “trein Ge_e Date 


Woy pe 
= Se 


en 

as 
t 

Ge 


ara 
ae 
1 

Ba 


C % 





2 = - Sire 
be Dy _ 
(SOMONE en cae Se Re Ro EES 


Distemce from Lond to heur 


a - Auxiliary fectoy (a0 ur 
B- Jigtence from i@Ai to iar 6 
4 - Thickness oF beam at ony post 


Distauce of point fron 


E - Modulus of Rianticity, pour. 
i —- Moment of imertia of seelio 


Length ol beak span, re 


Fes oa 


- Pending worent at seetlon, 
Q- first moment of Srea si 
s A 
finches)*%, 
V - Verticnl ehear, pounda. 


Applied Loma, Sows. 


Horl zomiead Thatance 


wee 8.8, 


€.- Strein in mioro-inelcs aer 


wpport 


neutral 


rad 7 a) 
2. 2m Lg ‘ 


ed 


T4HSOLe 


wpcort, Leet. 
tts). 

feet. 

jicton, iuehers. 

sails, inches. 


% per square inch. 


n, (incres)4. 


about the rvetrtérad 


L dupgert to way oabnt, Ceet. 
ne. neséured by strain rousevte 


the vertical direetpor. 
4 - ‘ 5 5 ‘ 
€.- 3strhin in Micro-ine#és per inch measured by strein roseute in 
% ? Ss 5 x ( 
& direction equi clotand Crom €, emd €, 
( s « a s « i s 
€,- SORaih in ae 28 per inch meazgured by strain rosette in 
tHe horizontal ection. 
ne pee veiue Of strain in wicro-inenes oer inch meeeured 
a the versciogl AiroctLon 
€,- Corrected values oc” ctrein in micro-ineltes per inch s#aeured 


énuh distant fron €, and 


Value Gee 
Noritontat 


€.- Corrne bad 
: in Uke 


®-The angle measured counterclockwi ie 


degrees. 


J - Verticat Direct stress, 


Foren 12 
ALrwetvren. 


pouris per 


— 


nicro«inecl.cs per 
from E,te the 


square inch. 


wireecubon of 














~TYacee f° - 
tod ue. a 


te 


we fern 
ee Gnawa. 
GN. 5. i, - +4 ’ a < en fF ‘ at ae . 7 = “3 3a . ea 7 > ae ae. alae » . 
iné ob jJ@ct of CALA aeeis investibaticn tes to deterdine the 
a an ce Be Bee ck git oe aes ’ wad buck 22 
ehear @tress Ji.tribution 11 & g@ply Lupsorten I~beab sitn-a con 


‘ 


a - 3 
Teal O10 Bc. 





Giaecorted ¢ inch®2 Yes onc Gah; B:Pay Boviin toe g@ugpert., bot. 
feneth of epan ean. pobivic:. of Nomd lrememear supoert were varied. 
Vertical static loans in inersoeiry, incremgnt: #ere ao lied in wach 
position. (See Firure V for hotegraah of ths leborstory set up.) 
One series of test ming ws2 made ta obtain data from Streszcont 
erack patterns. A geoonc Terkee cl run@ wag mace to vrovide tata 
Vrom oR-4 strain face mecniyoement:.. 
mo. §=PeLa, 


TiotS of vedmes of mason @:0ocr Ptrege 2st Werlawes acint= on 


tne bewe Jor each ol four generate test runs are presented. 


- 


“a 


Strain gage date for the remeaincer of the atriin gage test runs 
i@ included in Tables J toxvi. 


Dute obtcrined from eich of the Stregscoat test ruis, zivias 


v3 
5 
@ 
2 
D 
) 
Me 


wvles, nre Pours. in Tahles XVI to XXX1, 


Se 


loading data ann creok 








tv a 


eh. » 
.-* wen 4 ie 
t f° ee ys a # *} bi ae zt 
Ce Lise... Neds Bl Ane x ahead! a i 2G: ue ee Lie he : 


the object of tue thecl.s as atteined in a practicable 
manner Fitna goo! envinsering aceurecy. 
oY wtre:s Anealycia cose not provide 
sufficier.t duformation to obtain nuantitative velues of shear 
stress, but does srovicte a good cuslitetive temusiie etreain 
picture o- a loaded snecimen. 
RE COMM NOSTIONG 

This investigntion shoulé be continued for the ontire series 
or I-beams in [eneral use. 

Portner invertigaviont ehoulll bo m&de in such manner &% to 
provice @ maximum of Justa readings Lor each pattern of gagea, to 


Q@tion the graphical résult. exéctec to te eakliy aired, 











&. Concest of the Frobdlen. 


During Vorid Gar [TL moat satructurai investigatior 


= 
um 
ew 
pe 
> 
c 


directly related to winning the war vere necesuarily delerre.. 
B@on; the investivetions sostoonec Sy the Bureau o: Suing, 
eo. Hevy, is the Probies Preserves’ in thie thesis: The Investiree 
tion of the Crear Stress Dintribution in & simply supported I-Jece 
with a concentrated toad acting near on: emi. 

As stated by the Burenu of Ghips ina letter te the euthor:, 
Pine @olution of titis nroble@x ib of intersét in the desivr of gun 
girders having ¢ Juil web plote, in the design of many typos of 


Peuniations lor carrying coneentrtted ioevs’, of flight deck Longi- 


iy 


teadinale, ani, in gemerol, in all problems of tranecer of lead 
through eneear in a beam. Ultimetery, it is desired to meke désign 
recommondutions i: cr.er te aechicve greater economies wher prooor- 
tioning beams to rensiat shear." 

Arbitrary limiltatione on this inveatigetion, which 1s sub-~ 


Mitvted as the fir:.t rtetec o: 2 wot which must certeiniy be con 


ae 
we 


p 


4 ce 


timued to include the eniire seope of this problem, were designated 
by the Bureau of Baines 4 being 

L. The investigation of & Clangei seetior., oreLleradsy 6 Suilt- 
we Or roiled "I" #@ction. 

2. The lovectigetion of static conditions, in vise of nprebarle 
Limitetions imposed by lebortitory faeilities. 

5. The stingy o: the ctregs Clela oroduce.) unger ioad im & 


flanged crose-cecticn, rather them an invébtivation of methods of 





reducing etréss conditions. 
Bb. Status ol the Protlem. 

Preiiminary search: for aubzished articles end texta relsting 
to shear stress ulstribution in ]~beem sections Las resu.ted in 
the opinion by the authors, that no extensive tests to detersine 
shear stress Jistributions in I-beams loaded other than at the 
center of the span tive been uniertesen. 

In the orslinminery analysis it was decidei to limit the lLoad~ 
ing to values well belon the elastic limit of the materials use, 
both to eliminate permanont dcfornation of the specimen during each 
test run an? to obtain tast coniitions which would more nearly 
realize the lomiings normiily eeeurring in service. 

fhe decision of the method of anproeach followed from exaalna- 
tion of Laboratory fuciiltics avaliable, waich indicate! that use 

f *Stresscoat" (Srittie Laccuer Methed for Stress Analysis) would 


be valuable in searching for the geners] appearance or the stress 


ricid, at Least the atrees Tiehd formed by tenuide and compress] Ve 
stresses due to loaniny. Purther, @ transition from these generel 
Stress fields to specific quantitative shear stresses couid be ac- 


complished by solving for sheer stresses from directional strains 
obtained fron Sh-4 type electric strain gages. The phote-elastia 
metnhor of stress aneiysls was elininate! a6 an approach to our 


problem, for the eresent, on advice from the tuesis supervisor, 


Professor Murray. 


One factor which emerge: frox tre preliminary analiysia of the 


problem was the value of selectin:; & specimen which was s member of 








& geom@trice:iy cicvtllar series; wat is, which could be commharei 
to elther larger or emutler i-sections hy ratios such #6 the 
ratio of s¢epth of Scetion to web thicknest, or the ratio of dont. 
of gection to section myiuiuc, efic. Jy Wait selection one of the 
vericbles préwert might be @limin&ted in the aoplicstion of 
Peete: of tee @f ore perticacy simel@en to sene@rvel pracsice. 
This process of SeLection wes not explofed. To reduce tre sro 
cost and to uti.ise surplus metert::, reeiily aveilable, a tingle 


- 


= 4 2 2 ° ries "“@e ~ we = 4. ’ “2 2 a ab. i ” ne - a 2 £ 
aUeinum seetler wal chosen criltrarily with te Collo@in, corihi@éra- 


‘a wis to te large enough to perttit loga~ 


tier of mere “yee bec pers of Straim coreteer. 


a3 
9 
3 
to 
ee: 
t7~ 
fs 
= 
Cee 
a 
ew 
G 
ee 


aio: WHe to be gnort ciomygh tn provide 
RB spen weli @ithin the lisit? oT the Uemtielg machine, ¥y.t great 
enou, ti to @ilo® tie wengt o° Spam to bo dateretvc’d ag c : riahie 
factor in the problem. 

Presentation of reaults by zraptteil mcons (see mop FZ to 35) 
Bppeered to be of walag, in thet, eince @ Stamcarc U...havy 
i—stttion #24 teated the resmits coul4 Be directiy abpliek to wet 
Seetion. A aetivametion! Vovimiiation of cheer stress Uetribeticn 
Piiae beme o. tat tye investlgagwed (from toot date ofUaleed) was 


Geaned too Lane 


Cs 


eye Be . ‘* a} - ah 4 ~ Fy meen ee ave 
preidkey ior Ghe@ Bieet porio  abfsotvven by «che 
samt - Sa owe PY mete 22 4.2, tennnr Sie ss Sign = § vce 
eurriculum to theeim. Upwrever, it ie honed that the date obtained 
” 2 _ ~ , = - ; “1 4} - . rie . > ee ej % Wet 
in this investigation tre @rteeiivs @naugh to allow future tras 


: a 44 . = BA pes 54 ; \ ~ 
peeitiog into & dwtliaeatiom: @clatier of Gui srobiem. 














Li. PCa 
The éssentivni «tept followed in tals wertipacion fé@re as 
follorss 
1. Selection o: test specimen. 


2. G@lection o° metiiot of testing and means of obtaining 


5. Determimation of stress flelds by use of Stresgscoat, under 


1 : ‘ 
varied conditions of span icmtts and position or Loading. 


a 


ey 


4. Determinction af strains at e2 


S 
wo 
€) 

> 
- 
he 
t 
™ 
6 
~~ 
ee 
ce 
wt 

& 
if 
$9 
us 
a 
Oo 
Line 


Strhin gakes, unter varied conaivions of span langéh «en? position 


@ 


»* & Calculation of velut of mol @¥edr sarees at eeck Fee 
position fron obvgervud strain pece data. 
6. Cealcoulation of ti coretionl maximen shear stres; at cach 
Otrain gn:ro Location tran @imele peam formulas. 
7. Comperizon of observed anc theoretical rasults. 


Per detailed Jiscassion o. description of equipment ani meshod 








— 4 


etrain rovettbe data aul vaeluss 


from siapie: beam formilas an? Nour's circle vs. 


be bean 


o 
fe 


to SI! 


on 
te £9 


o, 
heen 
loid 


o. * 
bean 


7 


Plot#® of wus 


are Shot on os 


™ 
i 
a 


ue 


in werd 


notec that the als 


14 


Sf. Lb ail 


VOSLitLion teveard tae center 


Se A 
CUOEN e 
- 


aa) ox on 


creck contours s:oved in 


Braces oO. baked 


Seclrcular, as 


nm 


Oe 


in, st a 


2 
e? 


was @7; 


TL toin ci dae 


Miven jsolne Bn 


oi tre Load. 


- « on 4 «3 — é a - 
Coerimeontas: wtrain oF ee 


os of maximum Soeur 


+ 


Oo. rwaximum 


ces S2 to35 


otrestcoset tests made in thic invecti, 


; Clinleced 


a 


r* 


ion Smad 


4 hy + bce 
w. It lee 


s Ae oe 
at Le Fos 


> 


igc ck thm 


&.4 cy mae : . \ - ™ 
wie CCPC SDCONS CHG 7a 


SiG@OP LUYrehS of 


SroOMAmaI Ley 


Ooms U. 


( 
cr 
om 
Cc 
ce 
OQ 
se 
ct 
Fs) 
pa 
re 
Oo 
cae 
nt 
i 
G 
34 


distance along 


pata are presentec on papes 36 


7) 


oa es »* st 
2O%er “elt or 


23 


one inctr ire 


tre 


4 


beam, irr@amective sc! 


penaas ak ue ake ed ec ay 
compreawEe.on Surec.geoat 


¢ “ nae ®, : - me 
ire Moctions the 


* 


On 


f 7 . 


Coie @re per- 


ec, 





; 








Thé regultsi Soh taht the sh@dyr strste distribution in a 
Simply supported I-heom with « consantratea Load ecting near one 
end is not exactsy that calcuzated from simple venn .ormuies and 


Mohr's Circle. 


auz 


In general, Gee whear stresa in the upper hail of the web 
16 greeter than calculates! valhes. mn the lower hali of the bean 
web the exgerimental ani curcuieted shear Btresnes are in clese 
eercement, except in the vicinity o: tne gunpert, where an inersese 
dy shear streta is obServec in all casec. Ih the weper heir of the 
beam web the maximum veius of cheer strent does not occur at the 


.* 


position of louding, Sut the location of this soximaum value is 
disslaced towards the center of the span. 
Hot enough data iar been worked uo ut present to determine 
- os 


@ccurstely tho efiect; co! aspen length and position of Lead Trem 


Me Se coe a Ae ora -. yw & ; & ax 
5 of observed maximum silear strel.. to 


fede 


near support on the ret 
calcuiated maximum shear streas. 

It is telieved that th. Ctresecoet Crack Angle Dats pre- 
sented above coul.! be combines vith csiculatei values of cairect 


meximn Ser strMee@s Yor cOMbaristn 7it 7 teat 


he 


stresses to Jive a 


Opteined frem strsin gage debe. 


tS 


wince for a particular t&ést run tné crack contours aepoeare 


singue Losing near, put 


identical ani induepersient ov 


j-4 
= 
2 
~~ 
~ 
a 


paecuy beloy, tee Glaztic iiodty couphtd -ith the itercabtd 
sensitivity proauceu by a "cuoling™ agent, shoulda be wufficient 


to Gelinéate tae Jirectior of orincipal stréeses. In tiis resect, 


4 
4 








& 


: 5 a > _ | Se I at t oe a =" te bar cansaie= 
too many te re L Tuns hea cool { = Ake vi ha! uf Lt vee Core Sorte ast . we {0% Ce em ‘ww r i > 
- - Bee6 ~ 2 -~ = « “. ae - . “ ~~ Lor « 
the similarity beti.cen Check cbtteony g@opeeredc. 
a thet ' a |. % 1¢. poet © . 
It 18 cle! imye@e Cac Cee corwmee® Go namelie coulis ve '@cr: 


fuired wore epel!ly 1c ae @ineeeclD memes «O. Soint. bwer ol meine! 


a 
u? 
w 
oon 
Bu 
be 
Cc 
}- oe 
© 
vo 
~ 
le 
r 
or 
F 
wy 
Pr 
cr 
Cc 1 
2 
a 
< , 
e 
FP 
a 
e 


Mie Pethod of o™einh®@ imivicn.2 eersin Pere reelline. 
~ e. & } 

that of: ubing screw type bin wing: posts te connect the test lesd 
iy Dhow lmercmeiwe geo time naessuer: for pach 
TON, BONES oo Live More accumate reaainek® ank Linoilties the 
nrocgedure oa iwolatim, auy Dead. igmal Jeiective gare found. 

av “4.75 + ina a 3 ‘ C: teen Sei ey is — eee 7 

in or@er to rigdwee ont of We DURLILLS experimenecl errgi, 
observed straiiu gauge rea.ls_. sere laicee to ovtain volues used 


arren Lc 


' 


cet 
Ww 


ate 


ons. In gom ceaghe & freater num es of observitions 


/o7 
re 


ey ; “9 aie : ‘ ~ “. . . Seay ltl. T = o “ag 
MOL eave permitted More accurate Telrir,. To ar:iow presertse- 
+ - . er, vs: > a er P an we q . - ris -\ = 
tow of Similar wurves ior Oc. WOSt run, feiss velurs comme poae— 


ing to the sage artitrar, loats were ueen for emlcuetion in ail 


4 ee : ~ : ee ; h ess cc, cae ‘ > 
The eifect o: relucing strains to even number) im considerec 
> now) igi bb? citee Bre toda San? s ty 5 Flt 3 ictolen Bak vrovicaL 
ec yy ae LL Pe Since te pt Set ie i ei ti S/S CE Of sae tee Wie ee imac, Y13 Pr Qo ae ow 
eecureacy omliy vw within & peunw. 
4 . 7-7 . we. « “7 en wn eee <n Fea wey? % a 
The result® @>- not Gs exVomiwe AG Cesirec by tle eotnore. 
nowever, it is bellevec that tus results ghown are resresentavive 
“A : Pr. = = oe . - 5 . 5 ~ a 
Of the chear stre® £1 tribution in an ]-c@e veb uniter the convi- 


5 : 7 3 ‘ oe .° ws ? —s e,2 ™ 4 
tions of lemeditic aedecte® Lor thi! Livesti etion. 








s s,% | : « + Tne eos , >" 
v e Na} AeA ad ee net BS ay ; % me Bae Lal. 


Oe i ee St ee eee 


CONOITTS e ts 
oe 


c— er > -— 


4 . s o- “~ 2 
in” COTUTTBAS 


(2. 


L. Lhe We Sot oO. Tae aa - 
a: rne mebiot ust. bo obtain shear strese is nrecticahble 
ena the nomogvanh solufion provites emeinescring accurvey rith 
saving o. time. 
S$. Stresscoet runo revtesai the eo owe ll eoncinerationz. 
Q@. vse of “trerseoat iv alvantageous in cases where 
ms 


Br overGil strhkin pitture iw cemired. TALE woul’ be sarticularls 


Melucble in @meuwmineationus of c COmehicated =tructure @hni/en cownl 


i-~ 
C3 
oo 
L 
ae 
Gs 
oY 
t =| 
C> 
Cc 
| 
re 
be 
os 
oO 
c™ 
bY 
oT 
i 
fk? 
Ca 
aw 
t- ° 
ct 
es 
cS 
Ci 
Gr 


not be isolete;t or of wt 


done 


wece mive cout. 
be. abe wat of Ge as 2 "cooling" sgent iu extremely 


useful, eltiough matehing observec end calibrated strains is net 


practicable umier the cooled conditions. 


fre 
= 


& 


checewon the @eccuraey of Jtrewecort contours can 2 


ree) 


mace by @uper povition.el tie tensile creck satternm am. the 
PompreySio1.. crack pattern. 
Fo Goms PDALTIGES 

The #uvurners recomsemit the lollorings 
L. Theat thi® investi,ation be cortinu@a emi enierped to 
iMeiuce tests of l-neyns otl.mr tien the 8" x 4" x ©." Qadminum 
I-beem elreniy tomted, and that the résuit. ba coor.ineted to 
determine relations betwuct oleerved test results on o1.6 metevintl 


Enc onticinated résu.ts in anoter netal end to detérmine the in- 


Tlwence ol varying cis@mei0ns on Sheir Btresd caictribation. 





TTY”, ge x ae oes 2 ais ae ° + oe 
 . Comet in Over treet ier tie of tris 
wry ere 42 Sy sae .- sae eal sg ae 2 ae k 1 
wpe, Miers afplicetion of Gtr awecoat teow 445 combenpiat.d, 


the greater proportion co: e@vailied. “we be scent in cuancuita- 


tive strain geee terts rather than in qualitotive Stremecoat 


Le 5 pre ie, * 


S. ‘Tet in aay continuance of thls investi- 
vretion the bean be tested in euch manner es to previde date at 


enorter intervals than one remiizny For euch six inches of bear 
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Bere vn im ench row OF @ages, “Snes BWhere eracticeble mare roms o1 
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t- — 
tenelic Jtremeth 


tad, ape 2.9L 
ob eon 

Copper 

tron 


Chromium 


Mantanase 
Otier eborment 


Azumimum . 


ct 


ra: 3 as 
Lc te he 


ment: 


y ~— “4 + ~ 
1. Heet from »oum tesper 


foe ~hemnem beewe Lb 


cS 


Hecu.Ul «w2@Qo reannealed 


eer ( easing ) 


i} ® ee (nd. pees sum) 
aL. (ined) 
. 6 me We ( ma. CLR wc) 


Oo. Las (auximam) 


turk to 660°" ut rata or 50° per rour. 





2. Bage at G60" Tor 2 teers. 

3. Gool cren 850° to room temperature et rate of 25° s6r 
hour. Taig ceetion was serected for the following 
YORSOINGLt 

i. It was Qimensionally identical with the . 
ge" x 4" + 18.47 steel I-section thet iz in venereal use in the 
U.c. Navy. 

e. Ite relatively Licht woight provided for eags 
in handling. 

3. The externally upplied londs requirad to produce 
reusonabie deflection. vere well within the capacity of any testines 
apparatus normeliy used in laboratory exminetion. 

4. the suriece seale sormation usuelly present 
was easily removed to provide the smooth surfsce prere:uisite to 
even distritution of -trescecec) lacquer and necessary to establish 


© close bonding betvecn strain veges snd the u-tal. 


The testing machine used in all test rums wis the Riehle 
Universal Testing Machine, having a maximum capacity of 100,050 
pourds. (See Figures IV and ¥.) 
Ck 
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20 SOTRECSCOAT 


This materiel is samfectured by the Stresscoat Division, 


Magneaflux Corporation. Its appideation and interpretation rolloxed, 





basically, the principles set forth in the Stresscoat "Manual 
of Operating Inotructions"™. 
b. STRAIN GAGLG, Prec. 
The measuring feges were standsrd types of SR-4 
Bonded Resistance Yire Strein Gages, of types illustrated in 
Figures I and II, manutectured by Baldwin Southwark Division, 
Baicvin Locomotive forks. noth single gages of tj pes A-l and 
A-5, and rectammler strain rosettes of type AR-1, were used. 
The single gages vere Located on the beam rlanves where uni- 
directional stresses were expected. The strain rosuttes vere 
bended to the beam web. 
ec. SOMOGRAPHS 
As & means of reducing time of solution for shear 
stress from strain rogctte data, the nomograph (See Figure III), 
developsd by Mr. fT. A. Hewson of the Division of Industrial 
Cooperation, H.1.T., waz & vervw valuable aid. A comparison of 
accurecy of nomo raph solutions am? calculated solutions shoved 
a difference of from 0.4% to 5S in over 100 cases. 
Bi DESCRIPTION OF TESTS 
1. BOTHOD OF LOSDING 
The bea «as subjected to various static loadings in 
the testing mechine. There were no dynemic ioad tests due poth 
to preliminary erbitrary limitations pleced on the investigation 
and to lack of availsble facilities in the Materialig Testing 


Laboratory. The arransement of movable supports of the togting 


machine (see Figures IV and V) ellowed for variation in length of 





~ 


been spen ans: vuriftio:n in iigthica betpeem goint of app ication 


of Me@d ana point ol wuppert, imepenient of eec'. other. The 


~*~ 


& 


Supports ana lociir” weayge were Lucee wit. one inch diameter neilf~ 
round, transverse steel bars which proviced support anc losing, 
respectively, acrows the entire width of flange and of a length Oo: 
not more than? of an inch. (See Figure II). It was con wizcred, 


thersrore, that these members were “knife edges", providing ii 


3 
aD 
\e 


Pigid support. 
2. SinOSCOAL TebTsS 


Ctresseoat ¢ 


tex) 


ub2 ware made Lor inrormetive reasons, to 


determine the appeerunce of the tensile anc cenpressive strein 


fieict under lomling. (A typicel Strensenat petoern for a 
= ; if @ ~ 
S83 2 35/6" » 2.0 alwihimum I-peam is Lliudtrated in. Tisures YI 


@ac VII). She load vomition and length of span weme varied in 
some of these test runc. fince Utresecoat resctz both te tentile 
fosaing, and to conprescive iomling uniter certain edhvitions, some 
runs were wede for each of ti.cee two types oF loads. The comores- 
sion load strain patterns were compared with the tensile strain 
patterns. No cffort was mace to match observed ean! céllbrated 
streins. In the casas where strain patterns were matched wide 
Givergence of reguits was noted. It ia not known whether this 
Givergernce vas due to inability of the authors to correctiy match 
strains or to variation in the sensitivity of the beam patterns 
anc those on the calibration strips. To obtain ereatiy enlarged 


areas of strain patterns, the beam surfaces were cooled suddeniy 








by means of blasts of comré:cea geaeoun cerbon dioxide expandini 
ageinst the metal surfaces. “Tie coolim, proces has great adveatage 
in @ qualitative testing. Gr@eiiy increased atrain sénsitivity of 
Stresscoat at low temperatures ailows @ much more comic te train 
picture, providin,” tha aid of the overall pattern or the entire 


— 


specimen wherever strains sre present, In the test rums of this 


thesis, for instance, cooling: the web surfaces provides strain 


5 


pattsrns on the compression side of the neutral axis of the hean. 
No attempt was mede to deternine the lacquer sensitivity uncer the 
"cooled® conditicns. . 


S. STRAIK GAGE TRoTS 


rh 


The msthed ai soauii: anpiiled to obteaiu data for computation 
of shear stress is described in perscreph B (1), above. Heccings 
of each strain case's rozirtance vere taken by means ol the oh—t 
Strain In ndicator (Gee FPisure VIII) at cack lead in cach test run. 
ahet is, for each ran o Lead wes applied ei: the stradu reacings 


were taken; tho lon was incressed ani readings were again teken; 


4 


epi go on, Tne readings taker at approximately SCO pounre Loxcd 


wore WiGi ns chéch reétanes Sines 14 tee found thet readims vor 


t.$ ~- 


zero load covli not he comarca with an} aecurscy. 
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TABLE |. 
CALCULATED ETRALK GAGE DATA 


Run Number: 1 i7 buzust 1946 
Bean Coan 7 feet Load Position 2 feet from near support 


Loud 2500 pounis 


E, Es e, E, E, G. fe 
ol we We «5 = 2) ae 2926 
E-2 3 ; 4 er 67 1000 
R= t: ~-L52 ~i3 -154 7S ~10&9 
E-4 1% «ih «87 -15 2” “eoan -1342 
E-5 195 2 a. 17 we ao -178 = -1359 
E-6 34 9 -16 87 2 147 S88 
E-7 7 12 -12 el 1é nlf -882 
F-] 1 wv. -. 2 ee 1078 
F-2 ~e 2 0 -izg e -2 B10 
F-% 28 -138 ee ~140 18 ~1200 
Pug -l42  -=98 21  -162 <@ 24 -794 
F-5 -29 41 26 43 =25 620 
F-6 -16 y 3 -18 55 - 456 
Ge ae alles 6 12  «#iée 0 1400 
CHP 27 0ti«w ‘oe + ~B3 4 504 
G3 -353 ~E8 ei ~ 90 -91 66 ~1934 
G4 86 64 lie 468 -¢8 lm «= 8 
5 62 86 100-84 87 101 969 
G-€ LLS 42 116 -44 
C-7 -50 88 a2 82 86 93 760 


3h> 
ke a SH G 


7 FO ON EK 
Pid ksen gs OF hs 
Rh ake 


cn 
Dike 





TABLE !1. 
CALCULATED STRAIN GAGz= DATA 


Run Number: 1 L7 August, 1946 


Bean Span 7 feet Load Position 2 feet from nerr support 


Load 3600 vounds 


E €2 E3 E E2 b, 
E-1 KO ilelsQ —32 ~24 ~161 -31 
E~2 o -~188 -335 7 -L96 ~25 
R~Z aR ~213 ~103 4 ~215 -LO3 
E4 —22 207 —261 ~17 ~297 —26l 
E-5 160 -29 ~c48 L165 ~28 —251 
LG ol 0 ~Z£06 5a ° -203 
E-7 25 17 ~L7S 29 ay 174 
F ~1L5 ~139 ~il Lo ~183 ~l1 
F-~2 -172 bo O ~172 4 5 
F~3S -40 ~1o91 24 ~4i) ~195 25 
i 209 ~136 #29 -291 ~1LE5 oo 
F-5 ~56 ov ~58 57 62 ~355 
PG -29 of ~14 -25 oe ~13 
G1 -if ~225 0) 15 ~2£28 0 
G—2 ~ 38 ~114 15 -59 ~Lil 64 
G3 -5e ~lel 30 -58 -1L24 81 
G—4 -30 -~&8 L161 -93 ~2e 16% 
G—S ~65 L209 138 ~8S 121 L40 
G-8 L6O -60 Iga ~53 
G7 -6% D4 2? ~72 95 LEO 





TABLE Lie 
CALCULATED STRAEN GAGE DATA 


Run KNumers 1 47 Auguat 1046 
Beas Svan 7 Lect Loud Position & feet from near support 


Loac 45U9 pounds 


™” 
om 
N 
mH 
ae 
J 
Q- 


B 252 ~£04 ai sen ~256 ~42 Lees 4 ee 
e.2 6 ~243 ene. 8 ~ 246 St 1859 ~% 
ef & ~273 —133 b aps ~i58 iG78 Toe 
bd ~30 362 ~3357 Ae ~283 526 £272 26 
E-5 297 ee lod 214 35 ~318 2376 -1: 
E-5 64 0 259 70 4 ~2600 1785 ~L5* 
£7 21 1 220 aE “5 =ee) 564 - 1s 
me ~20 =232 13 28 -226 a5 IVEO = 4a 
Pe uae P 9 ~2ne 8 4 yee O% 
Pag -51 ~249 29 MEQ -#54 gO 2140 -4@e 
F-4 -258 -178 a ~259 -~175 2 146: -13 34 
Fo5 ~49 74 -16 =46 77 ~4& 12900 «4a 
F.-6 age BS mee wee RS “R G14 4? S/8 
on —23 ~286 0 = ~292 0 25109 ~4A 

e -419 —Léie ? Bas ~14t % LE8S -7 
G-% -* ~L57 Ll? +86 —156 118 1?7#40 = 
=~4 -118 «lS 298 ~122 -1i¢ i RISE -2 
5 ~ll?2 153 179 ~ ue 155 182 L742 19; 


G—6 20S —0 5 LO? ~35 
-7 ~B5) las Sh ~33 116 158 1384 L€ 





TABEE at. 
CALCULATED STRAIN GAGE DATA 


Run Number: 1 17 Ausust 1948 


Beam Span 7 feet Load Position @ feet from near support 


2500 $500 4500 
A-1 ~115 “LOS -25 
A-2 ~596 -OSd ~594 
A-3 -254 - 358 ~458 
B-1 g 2 LS 
B-£ -£5 -35 -$7 
B-S Lg 26 we 
5-4 -115 ~LOY 293 
B-d 45 63 gO 
B-6 -S8 ~1L88 —299 
B-7 « 88 debe 
B-8 -2U5 ~284 -568 
B~3 218 B05 597 
B-1LO -249 ~345 —442 
B=LL. a 10% 132 
Ba1Lé ~254 ~ 556 =~ 459 
BeLS ~158 R90 545 
C-1 ~ 56 =O ~65 
C-2 -R25 -d1L5 ~ 538 
C-3 ~404 554 ~Ta4 
C-4 ~L7 241 ~308 
D-1 25 -37 ~47 
D~2 ~1L35 -L30 245 
H-1 a4 78 AOL 
HZ gL aS 166 
m3 146 ae 256 
He4 372 SOR 431 
H-5 295 BOL 614 
H-~€ ve oE2 491 
H-7 eid SOL 085 





TABLE ~\. 
CALCULATED CTRAIN GAG: DATA 


- 


Run Humber: 3 1? Aujust 1946 
Beam Span 5 feet Lozd Position 2 feet near support 


Load 2500 pounce 


' 

E-1 87 134 “20 -56 -L5E ~49 -770 

E~£ -19 ~135 arc -18 ~135 -81 =8:40 

E-3 0 “132 81 0 -136 81 ~940 

R-4 = ~202 -164 244 ~198 ~162 1006 
E~5 a a 162 <3 ~% ~169 1080 
E-6 0 33 ~159 5; =e . ~s 824 

oy 0 0 -108 R (fe a8 694 

oi a ~139 -70 -16 ~187 7B -870 

re / 149 = -30 ~29 -148 ape 6 ~T8O 

F-% -25 -126 -60 -£8 ~134 ~59 -858 

F~4 as 499 rae -132 = -88 28 -786 

P-5 ~20 26 aM 13 27.5 37 539 

F-6 -26 26 15 26 é 1 420 

G-1 -17 _aa. -27 ~18 ~1£0 =b7 ~992 

G-2 -16 -i01 18 gif 169 12 ~748 

Ca -58 -301 20 53 -100 21 ~832 

i-4 -84 ~26 68 ~35 ~38 re -101¢ 
G5 ts by) 75 ~78 BC 77 825 

G-6 59 ~@l 52 ~102 


G~7 45 oo « -4a9 O4 co 654 


—- 


i 
oO DD C2 OF 
ch 


Ce © €33 


t 
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~20 


7 he t-- 


9 
Le) ey). 
bu bn J 


ar 
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TAG eS Vi. 
CALCULATED STRAIN GAGE DATA 


Run Wumber: 3 19 August 1946 


Beam Span 5 feet Load Position 2 feet from near support 


Loed 3500 pounds 


E | cS C3 eS a5 E, 
E —81 ~188 ~69 80 =185 sacl 
E-2 ~5P ~217 -129 -29 -214 -128 
E-3 —@ -168 -115 
E-4 -67 -284 -231 -62 -278 -230 
E-5 = -9 -238 =A -4 -238 
E-6 0 ag -194 4 aig " 194 
i7 0 0 ue 3 3 -151 
F-] -24 -194 -99 26 -192 ~99 
F=2 -208 42 -41 -207 ~37 -37 
F-3 -42 -188 -85 -40 -185 -84 
Fa4 -165 -126 35 -186 -123 39 
F-5 ~20 35 ~50 “27 154 -49 
F~6 -38 35 -20 -38 36 ~19 
Gai -23 -169 -38 ~22 -168 ~38 
Ga =2 -141 =24 -28 -140 -24 
G=3 =75 144 26 -76 -143 28 
G=4 =116 =134 95 «118 -184 97 
G=6 -104 86 105 -106 86 107 
G-6 70 -142 78 ~143 
G=7 -65 73 0 -66 74 31 


aA 





TABLE Vit. 
CALCULATED STRAIN GAGE DATA 
Rum Number: 3 13 August 15948 
Beam Span 5 feet Load Pesition 2 feet from near cupport 


Load 4500 pounds 


E, & E, E, eS e ys, > 
Rok -104 =R42 -89 “102  «hMZ ~87 1879 =40 
R-2 -38 ~279 ~130 ~&0 -f81 -129 “~1§80 35 
E-S Q ~249 —~148 3 ~P4P ~148 ~1640 Sap 
E~4 ~85 ~586 “297 +77 ~365 ~295 ~1876 294 
E~5 -1l =i ~$05 +6 ~8 35 1890 22 
£6 0 —24 ~249 5 a9 + =a 1466 -20 
E~7 Q 9 ~193 $ 4 —135 1274 «= wk 
Po} —€% 25) ~L2 ~£ -253 ~126 6 = 
Fae ~270 = =5% = -209 59 ~48 13860 2k 
7-3 ae ~239 At 0 ~241 ~199 “142 40 
F-4 -29 8 8§=6. =. a 238  -=62 48 es «| Cl 
F-5 -~% AG ~87 ~55 49 ~68 880-403 
F~6 ~49 45 27 ~48 4a # 77) ALi 
@=1 62 aE 7 ~49 ~£9 ate ~4§ ~1600 43 
G-2 -50 -182 ~50 ~29 -184 ~22 1360 
G-3 ~25 ~185 34 -296 -187 36 1526 SSR 
G~4 “199 -173 lee 466 8 275 125 ~1618 +25 
G5 ~1L54 86 182 239-147 88 135 1454? 
G-6 90 -185 94 ~185 
G7 -80 25 7 -B1 38 39 12.90 BR 





Run Number: 


Beam Span 5 feet 


B-9 
B-LY 
B-il 
R12 
B-1S 
C-1 
CH 
C-~% 
C~4 
D1 
D-2 
H-1 
He 
HZ 
ij—4 
H-5 
H-6 
H-7 


oe 
ws 


2900 


—118 
~1d2 
EOD 
2g 
-35 
MED 
-1Lee 
4 
~1L52 
si) 
—2i4 
91 


gid 
—2F7 
~1O4 
-75 
215 
—~£14 
156 
—~7P 
~185 
G 
44 
2 
183 
ce 
144 
87 


CALC 


on Hs Eoit~ 
Elia 


“mile 


on Ue} 


crt 
Cr 


Led 


we 7 C 
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pe 
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TABLE V't). 
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oa - wavy 


eet Pua? TRAIL GAGE DATA 
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19 August 1646 


feet from near cupport 





Run Number: 


Beam Span 7 


Load 2500 pounds 


E-1 


Ene 


z-8 
EA 
E=5 
E-6 
a7 
F-1 
F-2 
F-3 

ad 
F-5 
F-6 
C-1 
G-3 
G4 
G-5 
6 
G-7 


4 


fset 
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1 


tx we» CG) C3 BD Le 
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tm i 
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TABLE [!%. 
CALCULATLD STNAIh GAGS DATA 


23 August 1946 


Load Position 1¢ feet from near support 


ao 
N 
xn 
Ww 
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